**Core tip:** During the process of ulcer healing, growth factors such as epidermal growth factor, transforming growth factor-alpha, basic fibroblast growth factor and vascular endothelial growth factor acts by activating the migration of cells from the edge of the ulcer and cell proliferation together with the formation of granulation tissue and angiogenesis. Rats exposed to stress develop gastric mucosal ulcers and changes in expression of these growth factors surrounding the ulcers had been reported. Tocotrienol effects on gastric mucosal growth factors were compared to those by omeprazole in this study. The findings suggest that in contrast with omeprazole, tocotrienol has a protective effect on the gastric mucosa through its effect on these growth factors.

INTRODUCTION
============

Stress ulcers often occur in critically ill patients as a result of major stressful events, such as trauma, shock, surgery, sepsis and burns. The responses to stress are both psychological and physiological. Physiological responses include neurohormonal and immunological activation, which includes release of corticotropin-releasing factor\[[@B1]\], while the psychological responses include anxiety, depression, feeling of helplessness, fear, *etc*.

The pathological basis for the development of stress ulcers is multifactorial and includes changes in gastric acid secretion\[[@B2]\], oxidative stress\[[@B3]-[@B5]\], impaired gastric blood flow\[[@B6]\], reduced gastric prostaglandin synthesis\[[@B7],[@B8]\], inflammation\[[@B9],[@B10]\], and inhibition of mucosal growth and proliferation. Growth factors, by contrast, play pivotal roles in prevention and repair of stress-induced gastric ulcers\[[@B11]\]. This is particularly true during recovery of the mucosa after stress-induced injuries. Vascular endothelial growth factor (VEGF), basic fibroblast growth factor (bFGF), transforming growth factor-alpha (TGF-α) and epidermal growth factor (EGF) are crucial for reconstruction of damaged mucosal structures.

Among the growth factors involved, VEGF and bFGF are important factors because of their effects on angiogenesis. These growth factors are produced by endothelial cells, fibroblasts, macrophages and smooth muscle cells, and are involved in the regulation of physiological and pathological angiogenesis\[[@B12]\]. Angiogenesis and growth factors such as bFGF and VEGF play important roles in the repair of gastric ulcers caused by disturbances in the balance between factors that damage and factors that protect the stomach\[[@B13]\].

In animal studies, angiogenesis has been shown to play a role in the process of supplying oxygen and nutrients to ulcers of affected areas\[[@B14]\]. Malara et al\[[@B15]\] demonstrated a role for VEGF and angiogenesis in the repair of gastric ulcers caused by stress induced in rats. Research has also shown that a significant increase in the expression of VEGF protein followed by the formation of new blood vessels occurred as early as 1 d after formation of the ulcers\[[@B14]\]. Exogenous bFGF was found to assist in repair of gastric ulcers and other stress, and angiogenesis was also found to reduce gastric acid secretion\[[@B13]\]. Ernst et al\[[@B13]\] reported that there was a reduction in stress-induced endogenous bFGF and that this resulted in reduced gastric microcirculation, which plays an important role in the repair of ulcers. It is unknown if transcription of these growth factors are activated in response to stress-induced gastric injury.

Tocotrienol has been shown to prevent gastric ulcer development in rats exposed to noxious stimuli including ethanol, non-steroidal anti-inflammatory drugs (NSAIDs) and stress\[[@B8],[@B16]\]. Tocotrienol, in comparison to tocopherol, was reported to be a more potent antioxidant\[[@B17]\]. Other than its antioxidant capabilities, tocotrienol has also be shown to have anti-inflammatory effects\[[@B10]\], which may play an effective role in reducing damage to the gastric mucosa due to stress.

The gastric ulcer formation is complex in nature and involves multiple pathways that play a role in the prevention and repair\[[@B18]\]. The ulcer model that was used in this study was water-immersion restraint stress (WIRS). This experimental model was chosen because of its reproducibility, reliability and validity\[[@B15],[@B19]\]. This model had been used to mimic clinical acute gastric ulcers formation in critically ill patients and is widely accepted for research involving the mechanism of stress-induced gastric ulcers\[[@B10],[@B12]\]. The present study evaluated the limited information on the gastroprotective activity of palm-derived tocotrienol with relation to anti-ulcer properties and gastric growth factors. The purpose of the study is to contribute a better understanding of the pathophysiology of stress-induced gastric ulcers. In this study, tocotrienol was compared to omeprazole, one of the widely used drugs for peptic-ulcer disease in clinical settings.

MATERIALS AND METHODS
=====================

Male Wistar rats (*n* = 28) were divided into four equally sized groups. Two control groups were fed a normal rat diet (non-stressed: NS and stressed: S), while the treatment groups received the same diet but with oral supplement of tocotrienol or omeprazole at 60 mg/kg or 20 mg/kg body weight, respectively, for 28 d. The tocotrienol dose was chosen based on our previous studies that demonstrated a protective effect on stress-induced gastric lesions\[[@B10],[@B20]\]. The tocotrienol and omeprazole were diluted in vitamin-free palm oil, acting as vehicle, and administered by oral gavage using an 18G gavage needle. Both S and NS control groups were administered vitamin-free palm oil.

At the end of the treatment period, rats from the S control group and both treated groups were exposed to WIRS, by placing them in individual plastic restrainers measuring approximately 17 cm × 5 cm and immersing them in water neck deep one time for 3.5 h, as previously described by Aziz Ibrahim et al\[[@B16]\]. Following the restraining procedure, rats were sacrificed by exsanguination under anesthesia. Stomachs were then dissected along the greater curvature. The dissected stomachs were taken for evaluation of gastric ulcers and mRNA expression of gastric EGF, bFGF, VEGF, and TGF-α. Gastric tissues were homogenized using an Omni Bead Ruptor machine at 25 °C with the speed of 8 m/s for 20 s. Homogenates were centrifuged at 1500 × *g* for 5 min at 4 °C. Supernatants were then used for mRNA analysis.

All rats were kept on a regular night/day cycle, with natural light for a period of 12 h (0700 to 1900 h). Throughout the feeding period, all rats were habituated to handling to reduce stress-related disturbances. Rats were housed in large cages with wide wire-mesh floors to prevent coprophagy. Food and water were given *ad libitum* throughout the experiment. Ethical approval was obtained from Universiti Kebangsaan Malaysia Animal Ethics Committee (UKMAEC). Humane methods of euthanasia were practiced (*i.e*., exsanguination under anesthesia) by following guidelines of and with approval from UKMAEC. The anesthetic agent used was a combination of ketamine and xylazine (1:1 ratio).

Assessment of stress-induced gastric lesions
--------------------------------------------

The macroscopic assessment of stress-induced gastric lesions in the gastric mucosa was performed by two independent examiners who were blinded to the treatment. The assessment of lesions was done according to a semi-quantitative scale. Lesion size (mm) was determined by measuring each lesion area. Five petechial lesions were equal to 1 mm lesion. The total lesion area in each group of rats were averaged and expressed as the lesion index; this method was modified as previously described by Aziz Ibrahim et al\[[@B16]\].

Analysis of EGF, bFGF, VEGF and TGF-α mRNA expression
-----------------------------------------------------

mRNA levels of EGF, bFGF, VEGF and TGF-α from gastric tissues were assayed according to the manufacturer's instructions using the standard QuantiGene Plex 2.0 assay kit (Genospectra, Fremont, CA, United States). Briefly, tissue lysates were transferred to a capture well in the presence of the gene-specific probe set and then hybridized at 53 °C overnight. Wells were washed twice with bDNA wash buffer and then incubated at 46 °C sequentially with an amplifier and an alkaline phosphatase-labeled probe, with a wash step in between incubations. After the final wash step, addition of streptavidin phycoerythrin generated a signal that was proportional to the amount of target RNA present in the sample. The luminescence signal was detected using a Luminex instrument. The protocol was followed as previously described by Zhang et al\[[@B21]\].

Statistical analysis
--------------------

Statistical analyses were performed using PRISM software version 6.00 (Graphpad, San Diego, CA, United States). The results are expressed as the mean ± SE of the mean. Statistical significance (*P* \< 0.05) was determined by ANOVA and Tukey's post-hoc test.

RESULTS
=======

Macroscopic observation
-----------------------

Exposure to WIRS for 3.5 h caused the formation of ulcers in the form of gastric mucosal erosion and ulcers which were confined to the corpus of the stomach. The gastric lesion index (area in mm^2^) in the stressed-exposed (S) group was increased (11.92 ± 2.0 mm^2^; *P* = 0.001) compared to the tocotrienol-treated group (0.94 ± 0.30 mm^2^) and the omeprazole-treated group (2.44 ± 0.7 mm^2^), as shown in Figure [1A](#F1){ref-type="fig"}. Rats not exposed to stress did not develop any gastric lesions.

![Effects of pre-treatment with tocotrienol (60 mg/kg body weight) or omeprazole (20 mg/kg body weight) on gastric lesions formation (A), and gastric vascular endothelial growth factor (B), epidermal growth factor (C), transforming growth factor-α (D) and basic fibroblast growth factor (E) mRNA expression in rats exposed to water immersion restraint stress (*n* = 7). ^a^*P* \< 0.05 *vs* NS non-stressed control (NS); ^c^*P* \< 0.05 *vs* Stressed control (S); ^e^*P* \< 0.05 *vs* Omeprazole (OMZ + S). bFGF: Basic fibroblast growth factor; BW: Body weight; EGF: Epidermal growth factor; NS: Non-stressed; OMZ: Omeprazole; S: Stressed; TGF-α: Transforming growth factor-alpha; TT: Tocotrienol; VEGF: Vascular endothelial growth factor.](WJG-23-5887-g001){#F1}

Quantitative changes in gastric VEGF mRNA expression in response to stress
--------------------------------------------------------------------------

Figure [1B](#F1){ref-type="fig"} shows that VEGF mRNA expression in stressed control rats was decreased by 45% compared to NS rats (*P* \< 0.0001). Pre-treatment with tocotrienol caused a statistically significant increase in VEGF expression compared to the stressed control group (*P* = 0.0075). However, pre-treatment with omeprazole did not enhance VEGF expression compared to the S control group (*P* = 0.0593).

Quantitative changes in gastric EGF mRNA expression in response to stress
-------------------------------------------------------------------------

Stress exposure caused an increase in *EGF* gene expression (*P* = 0.0001). Expression was increased in all groups exposed to stress and no differences were observed between the three stressed groups (S, tocotrienol-treated and omeprazole-treated) (Figure [1C](#F1){ref-type="fig"}), suggesting that tocotrienol and omeprazole had no effect on EGF mRNA levels in stress-exposed rats.

Quantitative changes in gastric TGF-α mRNA expression in response to stress
---------------------------------------------------------------------------

Exposure to immobilization stress caused a decrease in expression of TGF-α in gastric tissue (Figure [1D](#F1){ref-type="fig"}). Stress caused a significant reduction in the gastric expression as shown. Pre-treatment with tocotrienol caused an increase in TGF-α gene expression compared to the S control group (*P* = 0.0024). Similar levels of TGF-α were observed in the NS control group. This result suggests that tocotrienol had a protective effect by preventing the stress-induced decrease of TGF. By contrast, TGF-α gene expression in the omeprazole-treated rats was decreased to levels similar to those observed in the S control group (*P* \> 0.999).

Quantitative changes in gastric bFGF mRNA expression in response to stress
--------------------------------------------------------------------------

Stress caused a 63% decrease in bFGF gene expression (*P* = 0.0022), as compared to NS rats. bFGF expression in the tocotrienol-treated group was increased compared to stressed control rats (*P* = 0.0013) and there was no statistically significant change in bFGF levels when compared with the NS control rats. This suggests that pre-treatment with tocotrienol protects stress-induced rats by preventing a decrease in the level of bFGF to a level that was similar to that observed in the NS controls. bFGF expression in the tocotrienol-treated group was increased by 43% compared to the omeprazole-treated group (*P* = 0.0492). Omeprazole treatment had no protective effect when the bFGF levels were similar to those observed in S rats, as shown in Figure [1E](#F1){ref-type="fig"}.

DISCUSSION
==========

Various genes are regulated at different rates and times during and after gastric mucosal injury. Most data regarding gene expression after mucosal injury models are taken from experimental animals. Together with the formation of granulation tissue, blood vessel and angiogenesis, growth factors act to enable the migration of cells from the edge of the ulcer and induce cell proliferation during the process of ulcer healing\[[@B7],[@B22]\]. For example, EGF mRNA is detected immediately after ulcer induction, peaks during day 3, and continues to decrease 10 d after the induction of ulcers, whereas TGF-α mRNA expression increases 6 d after injury\[[@B23]\].

VEGF is a growth factor that helps tissue healing by stimulating angiogenesis, and is also important for the formation of connective tissue\[[@B24],[@B25]\]. Antonisamy et al\[[@B26]\] showed that injury to the gastric mucosa through administration of indomethacin caused a striking decrease in VEGF content in the gastric mucosa. Findings from this study also showed that exposure to WIRS caused a significant decrease in VEGF gene expression in gastric tissue compared to rats that were not exposed to stress. In another study, pre-treatment with a single dose of oral VEGF protected the stomach against damage due to acute ethanol administration\[[@B27]\]. Furthermore, gastric ulcer healing was prolonged and angiogenesis was decreased in response to a reduction in expression of VEGF\[[@B28]\]. Finally, up-regulation of VEGF has been shown to play an important role in the healing of acute gastric injury\[[@B29]\].

Our findings show that tocotrienol led to increased VEGF expression in stress-induced rats. Studies that evaluate the effect of tocotrienols on growth factor expression in gastric ulcers are limited. δ-tocotrienol has been shown to decrease the expression of VEGF in tumor cells, thereby reducing angiogenesis in these cells\[[@B30]-[@B32]\]. The tocotrienol administered in this study contained less than 4% δ-tocotrienol and consisted mostly of other isomers, the most being isomeric γ-tocotrienol (approximately 50%). The effect obtained from this study leads us to assume that the other isomers in the tocotrienol mixture used in this study might assist in the healing process of ulcers or provide gastric mucosal protection against injury by promoting the process of granulation tissue formation and angiogenesis through VEGF expression.

Unlike tocotrienol, omeprazole administration did not decrease VEGF expression in stress-induced rats. This is inconsistent with results from a study by Kobayashi et al\[[@B30]\] that showed that administration of lansoprazole (another proton pump inhibitor) led to increased expression of the VEGF gene in rats with gastric ulcers induced with acetic acid. These results suggest that proton pump inhibitors have an additional impact on protection of gastric ulcer formation (*i.e*., regulation of growth factor expression) other than prevention of gastric acid secretion\[[@B30]\]. However, this effect was not observed in our study using omeprazole, suggesting that not all proton pump inhibitors have the same effect on growth factors. Abdul-Aziz et al\[[@B27]\] reported similar results, *i.e*., omeprazole reduced gastric ulcers but did not enhance VEGF expression levels.

In addition to VEGF, the growth of the mucosa is under the influence of various other growth factors, such as EGF and polyamines, which play important roles in tissue maintenance and repair. EGF is secreted into the intestinal lumen and into the bloodstream after being produced in saliva and pancreatic gland, and excreted *via* the urine as urogastrone\[[@B33]\]. It is well established that EGF is necessary for the maintenance of mucosal integrity. Furthermore, accumulation of EGF in the region of gastric mucosal injury promotes the local lesion healing process\[[@B1]\].

Milani et al\[[@B24]\] showed that expression of growth factors detected in gastric mucosal cells, constantly fluctuates even under normal conditions. In the absence of induction of lesions, vitamin E does not significantly affect the function of growth factors where a decline in immunoreactivity of the EGF receptor (EGF-R) has been reported\[[@B34]\]. The results of this study also showed that rats that were not exposed to stress had low levels of EGF gene expression. Exposure to NSAIDs causes gastric ulcers to form and leads to decreased levels of EGF in gastric mucosa\[[@B26]\]. Increased expression of both EGF and EGF-R in the ulcer area also contributes to the repair process\[[@B35]\]. This reaction may occur in response to the sharp decline of this growth factor during gastric injury.

Exposure to stress led to formation of gastric lesions and caused an increase in gene expression of EGF that was statistically significant compared to the non-stressed control group. Increased expression of EGF has been reported to accelerate healing of gastroduodenal ulcers by increasing gastric mucin production and reducing gastric acid secretion\[[@B26]\]. This indicates that expression of EGF levels increase in response to injury of the gastric mucosa in order to restore the tissue back to its original state.

In this study, however, pre-treatment with tocotrienol or omeprazole did not change gastric tissue EGF expression; expression of EGF remained elevated in stress-exposed rats compared to rats that were not exposed to stress. This may have occurred due to the presence of gastric tissue injury in the treatment group that could have led to increased expression of EGF, which accelerates the recovery of gastric tissue caused by stress. Studies by Qodriyah et al\[[@B34]\] showed that EGF levels were increased compared to the control group under normal conditions after 8 wk of palm vitamin E (PVE) treatment. The results of their study suggest that, under normal circumstances, vitamin E also enhances expression of EGF. While in a state of gastric injury due to NSAIDs, expression of EGF remained elevated after pre-treatment with PVE\[[@B34]\], consistent with the results of this study.

EGF released from the salivary glands and TGF-α from the gastric mucosa act to maintain mucosal integrity and recovery during gastric mucosal injuries. Both these growth factors produce the same biological activities during recovery. For example, TGF-α and bFGF levels change when an injury occurs in the gastric mucosa. In this study, exposure to stress caused a significant decrease in bFGF gene expression. bFGFs have been shown to play a role in both angiogenesis and recovery of gastric ulcers in rats\[[@B36],[@B37]\]. bFGF activation occurs in response to injury of the gastric mucosa, as demonstrated by the increased expression observed near ulcers\[[@B38]\]. Administration of bFGF (100 ng) locally into ulcers or systemically caused significant recovery in acetic acid-induced gastric ulcers\[[@B37]\]. bFGFs are also known to stimulate synthesis of prostaglandins locally\[[@B30],[@B39]\], leading to increased formation of blood vessels\[[@B14],[@B40]\] as well as proliferation of endothelial cells\[[@B41]\], sustaining and assisting the recovery of gastric tissues in the event of injury.

Pre-treatment with tocotrienol in this study led to increased expression of bFGF in rats that were exposed to stress. Vitamin E at 150 mg/kg has been shown to improve bFGF expression in mice that developed gastric mucosal injury due to NSAID exposure\[[@B34],[@B42]\]. Rashid et al\[[@B42]\] showed that tocotrienol increased bFGF levels, thus reducing the formation of scar tissue. However, our study found that omeprazole had no effect on bFGF gene expression, which is in contrast to the tocotrienol-treated group. Studies that examine bFGF expression in response to omeprazole treatment are limited. Tsuji et al\[[@B43]\] found that administration of lansoprazole, also a proton pump inhibitor, helped repair gastric ulcers by increasing bFGF levels at the edge of the ulcer border. Pantoprazole helped promote angiogenesis in gastric lesions induced by NSAIDs through increased expression of bFGF\[[@B44]\]. This effect, however, was not observed with pre-treatment of omeprazole in this study.

Growth factors such as EGF, TGF-α, bFGF and VEGF activate migration and proliferation of cells at the edge of the ulcer and promote the formation of granulation tissue and angiogenesis during the process of ulcer repair\[[@B22]\]. EGF is required to maintain the integrity of gastric mucosa and promotes healing of injured tissue\[[@B26]\]. TGF-α accelerates replacement of the epithelium and regulates regeneration of epithelial cells in gastric tissues\[[@B33]\]. VEGF assists in repair of ulcers by stimulating angiogenesis and remodeling of connective tissues\[[@B24]\], while bFGF has been known to stimulate synthesis of local prostaglandins, which ultimately leads to increased formation of blood vessels\[[@B14],[@B40]\] and endothelial cell proliferation\[[@B41]\]. This assists in maintenance and recovery of gastric tissue in the event of injury. The results of this study suggest that in contrast with omeprazole, tocotrienol has a protective effect on the gastric mucosa through regulation of these growth factors.

Here, we show that tocotrienol provides a gastroprotective effect in WIRS-induced ulcers and exerts similar effectiveness when compared to omeprazole. However, it displays a more diverse mechanism of protection, particularly through increased expression of bFGF, TGF-α and VEGF in a stress-induced gastric ulcer rat model in comparison to omeprazole. Thus, the effect of tocotrienol might be of therapeutic interest for the prevention and repair of gastric mucosal injuries due to other mechanisms.
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Background
----------

Stress is well known to induce gastric ulcers. Although the proposed pathogenesis is multifactorial, a common entity observed in peptic ulcer diseases is oxidative stress which overwhelms the endogenous antioxidant system. Thus, prevention and treatment using an antioxidant like tocotrienol is a logical therapeutic approach. This study focuses on the therapeutic ability of tocotrienol on reducing stress-induced gastric ulcers and its effects on gastric growth factors which plays an important role in the prevention and repair of ulcers.

Research frontiers
------------------

Few studies had investigated the effect of tocotrienol from palm source on gastric growth factors.

Innovations and breakthrough
----------------------------

Tocotrienol provides gastroprotective effect in water-immersion restraint stress-induced ulcers. Although tocotrienol provides similar effectiveness as compared to omeprazole, it has a more diverse mechanism of protection, particularly through up-regulation of basic fibroblast growth factor, transforming growth factor-alpha and vascular endothelial growth factor in a stress-induced gastric ulcer model.

Applications
------------

Tocotrienol as therapeutic agent for the prevention and enhancing the repair of gastric mucosa against injures.

Terminology
-----------

Stress ulcers can occur as a result of major stressful events, such as trauma, shock, surgery, sepsis and burns. Tocotrienol prevents gastric ulcer development in rats exposed to noxious stimuli including ethanol, non-steroidal anti-inflammatory drugs and stress.
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